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ABSTRACT

This report reviews metallurgical data and charac-
teristics pertinent to the development of the Mk 19 Mod O
(EX 29 Mod 3) warhead for use in the ASM=N=7a BULLPUP
guided missile. Warhead bodies of AISI 4340 standard basic
electric furnace steel with proper heat treatment were
found to be of suitable metallurgical quality. In com-
parison with AISI 4340 warhead bodies the AISI 4140 bodies
were inferior metallurgically. The mechanical property
specifications established during the development of the
EX 29 warhead were substantiated and deemed sultable for
use in quantity production of Mk 19 type warheads.
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FOREWORD

This report issued by the Naval Weapons Laboratory,
Dahlgren, covers the metallurgical studies conducted during
development of the Warhead, Mk 19 Mod O (EX 29 Mod 3).

The work on the project reported herein was conducted
during the period of December 1958 to February 1960 and
relates to references (a), (b) and (c).

This report has been reviewed by the following members
of the Warhead and Terminal Ballistics Laboratory:

He E, ROMINE, Head of Materials Branch
Je J. GLANCY, Deputy Head of Development Division
We. W, MEYERS, Head of Development Division
W. E. McKENZIE, Associate Director
Warhead and Terminal Ballistics Laboratory
C. B. GREEN' Director

Warhead and Terminal Ballistics Laboratory

APPROVED FOR RELEASE:

/s/ R. H. LYDDANE
Technical Director
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INTRODUCTION

This report presents metallurgical data and summarizes
metallurgical characteriastics deemed pertinent to the
design and development of the Mk 19 Mod 0 (EX 29) warhead.
The final prototype Warhead (EX 29 Mod 3) described herein
is essentially the same design as the production quality
warhead designated the Mk 19 Mod O, and was used for final
evaluation of the warhead design. The final evaluation
tests demonstrated that the warhead, when explosive loaded
and mounted in the BULLPUP guided missile as shown in
Figure 1, is rugged enough to withstand impact on and pene-
tration of light steel and reinforced concrete targets at
striking velocities up to 1800 ft/sec and to remain in an
effective bursting condition., The metallurgical charac-
teristics of the EX 29 Mod 3 warhead are an integral part
of the warhead design and considered to have contributed
materially to the satisfactory penetration performance
exhibited by this warhead in its final evaluation impact
tests conducted in actual BULLPUP missiles (from a track)
at NOTS, China Lake, California.

DESCRIPTION OF MATERIAL

The EX 29 warhead (empty) is a three component
assembly, shown in Figure 2, consisting of a body of one
plece forged construction, a base plug, and a fuze cavity
liner. The preliminary prototype warheads EX 29 Mods O
and 1 and the final prototype EX 29 Mod 3 warhead, trecated
in this report, were nearly identical in configuration and
differed only in the steel composition used in the body and
base plug components, AISI 4340 steel was used for the
body and base plug on the EX 29 Mods O and 3 warheads and
has been specified for the corresponding components of the
Mk 19 Mod O warhead, AISI 4140 steel was used for the
body and base plug on the EX 29 Mod 1 warhead for the pur-
pose of determining the effect of a lower alloy content
than AISI 4340 on warhead performance and problems asso-
ciated with procurement, fabricaticn and inspection inso-
far as practicable consistent with performance requirements
The steel used for the fuze cavity liner on all warheads
was AISI 4130, In general, standard basic electric furnace
quality steel was used for the body component. The design
of the body component of the EX 29 Mod 3 warhead is shown
in Figure 3., The results of experimental work with

1 CORFIDENTIAL
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3e2 inch reduced scale model warheads were used to estab-
lish the metallurgical characteristics and design of the

EX 29 warhead. In this earlier warhead development work
the mechanical properties listed in Table 1(A) were evolved,
utilized, and found to be suitable for use in a penetrating
type of warheade Such mechanical properties assured a good
combination of strength, toughness and ductility, permitted
machining, and were capable of use in a specification for
production warheads, As a result, the heat treatment of

EX 29 warheads given in Table 2 was aimed to provide mechan-
ical properties shown in Table 1(A),

PROCEDURE

A metallurgical esvaluation was conducted of repre-
sentative EX 29 warhcads as reccived from the contractor in
the final heat treated condition. The warhead body com-
ponent was tested as follows:

as A check chemical analysis was made on a sample
from the body wall,

b. Rockwell C hardness tests were taken on a longi-
tudinal cross section, Tests included at least 14 Rock-
well C hardness determinations in the heavy ogive section,

cs A macroscopic examination or maero-ctch test was
made of a longitudinal cross section,

de. Tensile tests were conducted on two specimens
taken from the ogive section in a near longitudinal
direction as shown in Figure 4.

e. Charpy impact tests were made on V-notch speci-
mens taken from the ogive section in a near longitudinal
direction as shown in Figure 4. The notch of the specimen
was approximately perpendicular to the outside surface of
the body. At least two specimens were tested at 0°C and
in some cases specimens were tested at various other
temperatures to determine the transition temperature from
ductile to brittle failure. Here the percent of granular
fracture was determined from the fracture appearance of the
impact specimen and plotted vs testing temperature. A
curve was drawn and the temperature for a point on the

CONFIDENTIAL
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curve at which fracture was fifty percent granular and
£fifty percent fibrous was determined. This temperature was
considered to be the transition temperature., On some war-
head bodles Charpy V-notch specimens were taken also from
the heavy nose sectlion transverse to the longitudinal axis
of the body and tested at 0°C,

f, The depth of decarburization on the outside and
cavity surfaces was determined from microscopic examination
of metallographic specimens taken in the longitudinal
direction,

g. Grain sizec measuroements were made by microscopic
examination of specimens taken in a transverse direction.

he A metallographic examination was made of the
entire coentral longitudinal section for microstructure,
banding, and inclusions. Photomicrographs were taken at
locations shown in Figure 5 to show the microstructure,
inclusions, and banding.

The base plug and cavity liner components were tested
only for Rockwell C hardness and chemical composition,

RESULTS AND DISCUSSION

Check chemical analyses and Rockwell C hardness tests
shewed representative base plugs and cavity liners of EX 29
warheads to be within the check analysis limits for the
particular AISI steel and the hardness limits given in
Table 1(A). The results of metallurgical tests on the
EX 29 warhead bodies illustratcd in Figures é through 40
and Tables 1(B) and 1(C) are discussed in the following
paragraphs.

a, Chemical Composition - The chemical compositions
of the EX 29 warhead bodies given in Table 1(B) are within
the check analysis tolerances for either AISI 4140 or
AISTI 4340 steel.

b. Tensile Properties - The tensile test results in
Table 2(¢) show that all warhcad bodics, with the exception
of Ho. 3, excced the yield strength and reduction of area
minimums given in Table 1(A). The yield strength of warhead

3 CCHNFIDENTIAL
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body No. 3 was only 700 psi under the minimum requirement,
Elongation and reduction of arca were slightly higher for
the AISI 4340 bodies than for the AIST 4140 bodiles,

¢e Char Impact Properties ~ The Charpy impact test
results in Table 1505 made at 0°C on specimens from the
location shown in Figurc 4 show that all warhead bodics
with the cxception of AISI 4140 warhead body No. la exceed
the impact strength minimum of 40 ft-lbs speciflied in
Table 1(A). The AISI 4140 warhecad body No. la with the
lowest impact strength had the highest yield and tensile
strength and AISI 4340 warhead body No., 3 with the highest
impact strength had the lowest yield and tensile strength,
Table 1(C) shows the AISI 4340 bodies to be superior to
the AISI 4140 bodies in impact strength determined with
specimons taken either in the near longitudinal direction
as shown in Figure 4 or in a transverse dircection from the
heavy ogive section. This superiority is more pronounced
on comparing the transition temperatures in Tablo 1(C).
Here tho AISI 4340 bodies gave much lower transition
temperatures than the AISI 4140 bodies, These results
demonstrate that the AISI 4340 bodies arc somowhat tougher
than AISI 4140 bodiese.

de Grain Size -~ The grain sizes of the warhoad bodies
are tabulated in Table l(C? In general, the warhead

bodies have a slightly finer grain sizo than the ASTM 7 to 8
range expected in commercial grades of AISI 4140 and 4340

- steels. The wide grain size range (6-9) in body No. 3 did

not affect quality adversely as illustratod by high impact
strength and low transition temperature.

e. Decarburigation - The depths of decarburigation
" on the outside and cavity surfaces of the warhead bodies
are given in Table 1(C), On all bodies decarburization is
greater on the cavity surface than on the outside surface,
Warhead body No. la shows the most decarburization, prob-
ably as a result of reheat treatment.

f., lHardnegs - The results of Rockwell C hardness
tests of warhead bodies are given in the hardness distri-
butions in Figures é through 12, A grouping of hardness
values according to warhead number, nose section, and wall
section 1s tabulated as follows:

IA CONFIDENTIAL
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Rockwell C Hardness Readings
Hardnegss Range  Total Within
AIST Heavy No. of Specification

Figure Warhead Compo~ Nose Wdll Hardness jn Table 1(A)
Number MNamber —sition Section Section Readings Nuwmber — Bercenk

6 1 LU0 27-35 30-52 101 15 15
7 2 4340  35.5=37 35.5-38 92 92 100
8 la L0 33-40 38,5-41 132 107 81
9 3 4340  33-35 34=36 77 40 52
10 4 4140 31-36  35-39 76 67 88
11 5 L340 34=36  35=37 76 75 99
12 é 4340 35-36 35=36 76 76 100

Warhead body Nos 1 represents the first lot of warheads
received at a time when the contractor's heat treating
practice was under development, The wide variation in
hardness of body No. 1, shown above and in Figure 6, indi-
cated that heat treatment was not optimum and necessi-
tated reheat trecatment of this lot of EX 29 Mod 1 bodies.,
For this reason the hardness test results of body No. 1
are not used in any subsequent hardness comparisons, War-
head body No. la reprosents the roheat treated warheads.
In goenoral tho hardness of the warhead bodies is higher 4in
the wall section than in the nosec section as expected from
the shape of the body. The overall hardness of the

AISI 4340 bodies No. 2, 5 and 6 is within the aim 35 to 40
Rockwell C rango listod in Table 1(A) with the exception of
one value of 34 in the nose scction of body No. 5. The
AISI /4140 bodies No. la and 4 show a wider variation in
hardnoss than the AISI 4340 bodies No. 2, 3, 5 and 6,
particularly in the heavy nose secction,

g, Macro-stch Test ~ Figures 13 through 19 show a
large view of the ogive sections of the warhead bodies
after macro~etchings The flow lines in the AISI 4140
bodies (Figures 13,15 and 17) are more prominent than in
the AISI 4340 bodies (Figures 14, 16, 18 and 19)., Warhead
body Noe. 2 as shown in Figurc 14 represents the first lot
of AISI 4340 warhead bodies to be received. The pitted
condition in the heavy nose section Jjust forward of the
cavity is evidence of faulty forging practice, A study
indicated that too rapid extrusion of the material at the
forward end of the coining punch caused the material to
leave the punch and resulted in the voided condition.
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Siight changes to forging tools and rearrangement of forg-
ing passes successfully eliminated this pitted condition in
later bodies No, 3, 5 and 6 shown in Figures 16, 18 and 19,
Except for the pitted condition in body No., 2, Figure 14,
the results of macro-etch test (Figures 13 through 19) show
all warhead bodies to be of satisfactory quality.

he Microstructure - The microstructures of the warhead
bodies at locations A, B, C and D of Figure 5 are shown in
Figures 20 through 26, The reheat treatment of AISI 4140
warheads represented by body No. 1 is substantiated by the
microstructures shown in Figure 20. The excessive f{ree
ferrite at locations A, B and C and the marked decompositicen
of martensite at locations A and B resulted from nonuniform-
ity of heat treatment. 1In heavy nose section locations A
and B the representative AISI 4140 warheads show free ferrite
in bodies No, la and 4 (Figures 22 and 24) whereas the
AISI 4340 warheads show no free ferrite in bodies No. 2
and 6 (Figures 21 and 26) and very little free ferrite in
bodies No. 3 and 5 (Figures 23 and 25).

i. Ingclusions - The inclusions in the warhead bodles
at locations A and D of Figure 5 are shown in Figures 27
through 33, The drawn out nature of the inclusions at
location D gives an indication of the degree and direction
of the forging and drawing of the steel at this location. ‘
The ASTM standard rating of the inclusions in the warhead ‘
bodies (Figures 27 through 33) is less than three and indi-
cates satisfactory material,

Jos Banding - Typical examples of the banding present
in the warhead bodies are given in Figures 34 through 40O.
Banding was not excessive in any of the warhead bodies,
AISI 4140 body No. la (Figure 36) shows the least banding
and AISI 4340 bodies No. 3 (Figure 37) and No. 5 (Figure 39)
show the most banding. A comparison of Figure 34 and
Figure 36 indicates the reduction in banding obtained by
reheat treatment.

Metallurgical Defects in Production Quality EX 29
Mod 3 wWarhcads

As the only practical means of meeting an early
requirement for warheads for fleet use, a limited quantity
of final prototype EX 29 Mod 3 warheads was produced using

6 CONIPIDENTIAL
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controls, inspection and acceptance procedures normally
involved in procurement and acceptance of production items,
A large number of EX 29 Mod 3 warheads met the prescribed
requirements but a few warheads failed the acceptance tests,
Some metallurgical data and defects observed in the failed
warheads are reviewed here,

The results of a metallographic examination of inclu-
sions in two warhead bodies representing different pro-
duction lots of EX 29 Mod 3 warheads are illustrated in
Figure 41. Both warhead bodies were processed f{rom the
gsame heat of steel and had chemical compositions within the
range shown in Table 1(B) for the AISI 4340 warhead bodies,
The manufacturer reported the mechanical properties of both
bodies to be in accordance with the requirements of
Table 1(A). The warhead body with inclusions as shown in
Figure 41(A) passed the required ballistic penetration test
while the warhead body with inclusions as shown in
Figure 41(B) failed the ballistic penetration test by cir-
cumferential rupture near the base end of the cylindrical
section, In comparison with the inclusions in development
quality bodies in Figures 27 through 33 the inclusions in
the body which passed ballistic test (Figure 41(A)) are
somewhat heavier, wherecas the inclusions in the body which
failed the ballistic test Figure 41(B) are considerably
heavier,

Figures 42 and 43 show an EX 29 Mod 3 pilot lot war-
head body after failure in the ballistic penctration test,
The chemical composition of the steecl used in this warhead
body was as follows:

C Mn P S Si Ni Cr Mo Cu
¢38 .75 .024 L0331 429 1l.76 .77 24 W12

Although the chemical composition is within the limits
specified for AISI 4340 steel of the open hearth grade the
phosphorus and sulfur contents are more than double those
shown in Table 1(B) and are much higher amounts than nor-
mally obtained with standard basic electric furnace prac-
tice, The manufacturer rcported that the steel was made in
an electric furnace using a single slag practice and condi-
tions similar to open hearth practice. Such practice could
account for the high phosphorus and sulfur content. Tests
conducted on a sample warhecad body representative of the
failed pilot lot warhead body included: Rockwell C hardness

7 CORTIDENTIAL
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tenslle, Charpy V-notch impact, macroscopic examination,
and microscopic examination for structure, inclusions,
banding and grain size. The hardness distribution repre-
sentative of this pilot lot warhead body shown in Figure L4
ranges from 32 to 36 Rockwell C with the low hardnesses
obtained mainly in the ogive section., The tensile proper-
ties met the requirements of Table 1(A). The Charpy
V-notch impact strength was 34.5 to 38,5 ft-1bs at 0°C and
the transition temperature was =-40°C, Such impact proper-
ties are lower than the 40 ft-1b minimum strength specified
in Table 1(A) and significantly inferior compared with the
impact properties listed in Table 1(C) for AISI 4340
development quality warhead bodies, The macroetch secticn
in Figure 45 shows heavier flow lines than any of the test
sections from development quality warhead bodies shown in
Figures 13 through 19. The microstructure in Figure 46 is
a3 uniform as the microstructure of the better AISI 4340
warhead bodies No. 2 and 6 (Figures 21 and 26) indicating
satisfactory heat treating practice. The inclusions in
Figure 47 are mainly sulfides and are more abundant than
the inclusions in development quality bodies in Figures 27
through 33. The banding in Figure 48 1s considered normal,
The grain size was 8-9 (ASTM No.).

CONCLUSIONS

Basod on the results of metallurgical tests conducted
during development of the Mk 19 Mod 0 (EX 29) warhead and
covered herein, it was concluded that:

a. Tha warhead bodies of AISI 4340 standard basic
alectric furnace stecel with proper heat treatment were of
sultable metallurgical quality.

b, In comparison with AISI 4340 warhead bodies the
AISI 4140 warhead bodies were inferior metallurgically as
revealed by lower impact strength, higher transition
temperature, and wider variation in hardness and micro-
structure.

¢+ The mechanical property specifications given in

Table 1(A) were acceptable for use in design of the Warhead
Mk 19 Mod O.
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(A) Mechanical Property Specifications

Warhead
Component

Body
Base

Puze

Plug
Cavity

Liner

(n) Identification and Chemlcal Composition of Prototype iiarhead Body Samplen

sample
\arhead
lymber
1
2

la @

Sample
Jarhead

lumbsrp
1

2

la @

o, of
Jarheads

in

Lot

lopresonted

AISI
Compo-
sition

L1400

L340

410

3150

4140

L3a

w3as

: First Lot (Sampie

10
10
10
12
1
L5
35

Ultimate
Tensile
Strength

(psi)

167,000
183,550
157,80

167,957

Date
Rocoived

12-8-58
12-24-58
1-20-59
2-13-59
J=6=59
5+1=59
5-20«59

Yield
strenpth
0,22
Of faet
31

157,057
173,25
i, 30
154,67
152,970

156,157

TABLE T
E Vi ADS, EX MODS 0, 1 AND
Charpy V-notch
Yield Strength Reduction Impact Strength
0.2% Offaet of Area Hardness Limits at 0°C
Min, Min, Rockwell ¢ Min,
—{ps1) (%) Mn, Yaxy,  _(fte - 1bs,)
145,000 35 40 40
35 40
25 30
Alsl hemic sition
llod  Composition ¢ M P G &l M ¢r Yo Cu
1 4140 b0 «89 «008 011 .28 .09 KA o 20 L0h
0 4340 bl W76 «010 015 «29 1,70 .83 29 7
1 4140 36 «80 JO79 L0011 .25 o 10 90 20 O
] L0 .38 «75 011 013 W25 165 .t 2 T
1 LU0 o306 «95 011 +0l1 .28 .07 .89 W16 WO
3 W34L0 .37 76 «ONR 013 28 1,.8Y on2 o7 o7
3 4340 .37 .78 Mooy 013 W33 1.7 » P 2R o
(¢) Tensile and Impact !'roporties, Crain 5ize and Decarburization of Prototype arhead Nody “amples
Charpy V-notch
Impact Strongth
lieduc- &t 0°C Transi-
tion ALTY fts =~ Lbs, tion
“lonpa- of Grain location Ite@vy  Tompar- Dep f_Dgcarp a 03,
tion Area ize in llose Ature cavity Ontaido
(2 [¢3) No, Figure 4 Section oec 'dn. YAX, 1in. tax,
N7 38 XY S07
jeAN 9l B9 49.0=975 275 97 o7l <35 .2 A
13,6 L8,7 A=l 35,1379 21.5 =30 o0 AA i P Y
15.5 52.0 A9 GL.S=5H.0 =10 L2 N3 ol oV,
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Annesl!

Preheat
High heat!

Quench!

Drawt

Preheats
High heat!
Quencht!
Draws

Preheat!
High heet:
Quench!
Draws

Heats
Quench!:

Draw!

15259F 3 hours, gas fired furnace, furnace
cool for 1. hours

1250°F 50 mins., salt bath

1525°F 50 mins., selt bath, 30 secs. transfer
time to quench

600°F 15 mins., salt bath, air cool to less
than 200°F, wash out salt by immersion in
hot water

600°F 3 hours, gas fired furnace, eir cool to
room temperature

1250°F 50 mins., selt bath

1575°F 50 mins., salt bath

200°F circulated oil

1050°F 3 hours, gas fired furnace, air cool to
room temperature

1250%F 50 mins., salt bath

1525F 50 mins., salt bath

200°F circulated oil .

1050°F 3 hours, gas fired furnace, air cool to
roonm temperature

1525°F 2 hours, gas fired furnace

110°F 8 mins. circulated oil on inside and

outside surface, warhead nose up

1025°F 3 hours, gas fired furnace, warheads
rolled through furnace, eir cool to room
temperature

CONFIDENTIAL




TYIL ZGIa OO

o (0007 6T 3 IIAIOIOEA) € QO 62 YT YIRSV TrL €O
L DOLES W OVIHOHS (Lmit-lSY TIAIOIONd) 4I~ISYA TIISST! QRAILD JRATIAS J0 HAVSD0IONd

i1

T SUNDIA gL gl-n.




TVIINZQTAr0D

£ a0’ 62 YI avaHuyk JIISST azarInd

AR 19 . § $0656-aHd

N n_”.
el




AR WS GG £ Ne O v L B iGN Orbetm Bu W
’grﬂl’gg
o AN Fem e W GO OW R0 OFX 1Y SONRSCle & X
i!: 3‘_'

A0y RPV) EnsiDs W . GO i~
m HNOT S 5 A COMD O GPLATY CERITIN Y SR, mat TS WO 8
VTS SOUR GIF SN Hust Gl SRR GURE O CXMMGEYG W W
AN SESRSYE SR Gy BER O WFVERD iGN TR WO
-0 Tees [ J a-lztl
S G S EBRONY @ CUEINS MO ReBE OVIWwG L ey O
go‘l'!'ling!.} by
0k - aw Ao 3
..-olldll..u! 10BN S by i
B AR 38 TR ORINOEIN Wl Bui) iF Wenu SE3Y A0 B G (Ve moms
PRy A — L v i gl e L el g
e O MO OV % B9 ekbeu 2 MRS WMOU QSOBN By % LGB, tWe
STVRISIRARIOBD G + YD) QISP dn Klen: SO Fivalae we
QL ey Fusme FIGT By MTRVIL) *OME Syl dNrD $0s SIWVHI0 =,
WIS ¥ PR TIVHE JI08 Pti 40 LwNBE W, s
i 2O SZEG0M B9 YW QAN MOms OV B FVS Of LUAT) 40 BuTV- o
u:f:v.!l..s 5
VTS AV SHROD 40w Suens NOUs Vs P VYRS 4 1IATD 5O ) wswr, |

» X0 O X7 BFIAE awredt. vy s

'wn!llo. [, 2L SIS P
TUW 8 Ow O s $9 LS MNedNOu b wswr, o

LTIV R SN
BV 6 80 DuOaTi 20 Yik I oy

P ey Vo

T—T
T
1 T
=L s = _ 158337% _




CONFIDENTIAL

TENSILE TEST
SPECIMENS

CHARPY V-NOTCH //
IMPACT SPECIMENS

LOCATION OF
TENSILE AND CHARPY IMPACT SPECIMENS

PHD 55555 FIGURE 4
CONFIDENTIAL
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PHD- 55552 FIGURE 5

LOCATIONS AT /HICH PHOTON ICROGRAPHS WERZ TAKZlL FROM WARFRAD BODY.
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54 '. .u esl
4§ . ., /8l
Scale 4 . ’ 329
I | , 49+ *la7
4 Inches
PHD-55222 FIGURE 6 December 1958

SAMPLE WARHEAD NO. 1
HARDNESS DISTRIBUTION AND ACROSECTION OF BULLPUP WARHEAD
EX 29 #OD 1 AISTI 4140

Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid
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368/ . » \36
36/ . + 135.8
388 . .|388
368 . |36
38 |36
36 +|36
37.8|. (378
378]. |37
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rs| 378
38/ |378
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37| 37
37| |37
37| |37
37} 37
3a8) 37
37} 368
37l 136
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37.8\. /37
368
3 »
Scale
4 Inches
PHD-55239 FIGURE 7 January 1959

SAMPLE WARHEAD NO, 2
HARDWESS DISTRIBUTIOJ AiD MACROSECTION OF BULLPUP WARHEZAD
X 29 MOD O AISI 4340

Hardness Values: Rockwell C Scale
Etch:  50% Hydrochloric Acid

CONFIDENTIAL
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PHD-55298 FIGURE 8 February 1959

SAMPLE YARHKHEAD NO, la
HARDNESS DISTRIBUTION AND {ACROSECTICN OF BULLPUP UARHEAD
EX 29 MOD 1 ATSI 4140 REHEAT-TREATED
Hardness Values: Rockwell C Scale
Etch; 50% Hydrochlorie Acid

CONFIDENTIAL
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PHD-55557 FIGURE 9 March 1959

SAVPLE WARHEAD NO, 3
HARDNESS DISTRIBUTION AND iACROSECTION OF BULLPUP WARHEAD
EX 29 #0D O AISI 4340
Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

COJFIDENT IAL
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PHD-55558 FIGURE 10 April 1959

SAH{PLE WARHEAD NO. 4
HARDNESS DISTRIBUT ION AND ACROSECTION OF BULLPUP WARHEAD
EX 29 MOD 1 AISI 4140
Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

CONFIDENTIAL




SCALE

4 INCHES

PHD-55559 FIGURE 11 June 1959

SAMPLE VARHEAD 10, S
HARDAESS DISTRIRUTTION AIID (ACROSECTION OF Z2YLLPUP iJARHZAD
EX 29 10D 3 AISI 4340
ilardness Values: Rockwell C Scale
ttch:  50% Hydrochloric Acid

CONFIDL.TIAL




SCALE

4 INCHES

PHD-55560 FIGURE 12 June 1959

SAMPLE WARHEAD 3O, 6
HARDNESS DISTRIBUTION AND MACROSECTION OF BULLPUP WARHEAD
EX 29 MOD 3 AISI 4340
Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

CONF IDENTIAL




PHD-55561 FIGURE 13 December 1958
SAMPLE WARHEAD NO. 1
ACROSECTICH OF CGIVE FRO!N BULLPUP WARHEAD EX 29 10D 1 AISI 4140
Etch: 50% Pydrochloric Acid

CONFIDE.ITIAL




PHD-55562 FIGURE 14 January 1959

SAIPLE VARHEAD RO, 2
HACROSECTIO] OF CGIVE FROI RULLPUP WARHEAD TX 29 100D O AISI 4340
Stch:  50% Hydrochloric Acid

COJF IDE. I IAL




PHD-55563 FIGURE 15

SAHPLE WARHEAD NO., la
I'ACROSECTION OF OGIVE FRO: BULLPUP WARHEAD
EX 29 10D 1 AISI 4140 REHEAT-TREATED
Etch: 50% Hydrochloric Acid

February 1959

CONFIDENTIAL




PHD-55564 FIGURE 16 March 1959

SAMPLE WARHEAD NO, 3
HACROSECTION OF OGIVE FROij BULLPUP WARHEAD EX 29 10D O AISI 4340
Etch: 50% Hydrochloric Acid

CONFIDENTIAL




PHD-55565 FIGURE 17 April 1959

SAHPLE WARHEAD NO. 4
“ACROSECTION OF OGIVE FRON BULLPUP WARHEAD EX 29 i0OD 1 AISI 4140
Ttchy 507 Hydrochloric Acid

CONFIDENTIAL




PHD-55566 FIGURE 18 June 1959

SAMPLE WARHEAD HO. 5
JIACROSECTION OF OGIVE FROi# BULLPUP WARHEAD 5X 29 0D 3 AISI 4340
Ztch:  50;, Hydrochloric Acid

CONFIDHITIAL




PHD-55567 FIGURE 19 June 1959

SAMPLE WARHEAD NO, 6
1IACRCSECTION OF OGIVE FROI4 BULLPUP WARHEAD EX 29 0D 3 AISI 4340
Etch: 50% Hydrochloric Acid

CONFIDENTIAL
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FIGUME 22
Zample iarhead No, la

CHOTOICRCGRAPHS OF RULLFIIP JARHEAD EX 29 0D 1 AISI 4140 REHEAT-
T.LATED

Locations A, 5, C and D ir. Figure 5

Ztceh,  iital vagnification: 1000X

COWFIDE'TIAL
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PHD-55571 FIGURE 23

SAMPLE \/ARHEAD NO. 3
PHCTOZICROGRAPHS OF BULLPUP WARHEAD EX 29 0D O AISI 4340

LOCATIQ:#S A, 3, C AND D IM FIGURE 5
Btch: Hital Hagnification; 1000X

CONFIDEHTIAL
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PuD=~55572 FIGURE 24

i PLes VARHEAD 10, 4
FHCTO: TC0GRAPHS OF 2ULLPUP WASHEAD SX 29 0D 1 AISI 4140

LOCATIONS A, 3, C Al D I FIGH S

A¥a4

~teh:  iital Jasnificaticn:  10QU7

oG RID 'TTAL
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PHD-55575 FIGURE 27

Sample Warhead No. 1
PHOTOMICROGRAPHS OF BULLPUP WARHEAD EX 29 MOD 1 AISI 4140

Location A and D in Figure 5
Magnification: 100X

CONFIDENTIAL

As Polished
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55578 FIGURE 26

Sample Warhead flo. 2
PHOTO! ICROGRAPHS OF BULLPUP JARMDAD CX 29 0D G AISI 4340

Locations A and D in Figure 5

As Polished iagnification: 100X
CO4FID: T IAL
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PHD-55577 FIGURE 29

Sample Warhead No. la
PHOTOMICROGRAPHS OF BULLPUP WARHEAD EX 29 MOD 1 AISI 4140 REHEAT TREATED

Locations A and D in Figure 5
As Polished Magnification: 100X
CONPIDENTIAL
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PHD-55578 FIGURE 30

Sample Warhead No, 3
PHOTONMICROGRAPHS OF BULLPUP WARHEAD EX 29 NMOD O AIST 4340
Location A and D in Figure 5
As Polished Magnification: 100X
CONFIDENTIAL
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o PHD-55579 FIGURE 31

Sample ‘Jarhead No. 4 ;

PHOTOMICROGRAPHS OF SULLPUP WARHEAD EX 29 #OD 1 AIST 4140

Location A and D in Figure 5 i

As Polished ' Magnification: 100X
CO.FIDENTIAL
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Pip-55520 FIGURS 32
Sample viarhead Iio. 5
PHOT: IC OGPAPHS CF 3BULLPUP UARHEAD 7 29 :CD 3 AISI 434
Location A and D in Figure >
£s Polished fagnification: 100X
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PHD-55501 FIGURE 33

Sample Varhead Wo, 6
PHOTO: ICROGRAPHS OF BULLPUP i/ARHEAD EX 29 10D 3 AISI 4340
Location A and D in Figure 5
As Polished Magnification: 100X

CONF IDENTIAL

T e

Ryrwe

oliil

|




l
i
i
!
; PHD-55592 FIGURE 34
# _ Sample Warhead No. 1
; PHOTOMICRCGRAPH OF BULLPUP WARHEAD EX 29 MOD 1 AISI 4140
; Location C in Figure 5
2 Etch: Zephiran Chloride Magnification: 100X
CONFIDENTIAL
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PHD-55593 FIGURE 35
Sample Warhead No, 2
PHOTOIICROGRAPH OF BULLPUP WARHEAD EX 29 MOD O AISI 4340
i Location C in Figure 5
Etch: Zephiran Chloride Magnification: 100X
CONFIDENTIAL
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Sample arhead oo 4
G SULLFUP CARHZAD X029 ¢ 1 ATLT 4140
Location € in Figure >

Chloride rasmification:

SAPRTNT Y
IV ID.'J;.‘ RS

e st S ik W L b4




e ————

FIGURE 39

PHD-55597

Sample Warhead Ho. 5
PHOTO:{ICRCGRAPH OF BULLPUP WARHEAD EX 29 0D 3 AISI 4340

Location C in Figure 5

Btch: Zephiran Chloride agnification: 100X
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(1) Jarhead Serial ilo. 139A From Lot 103
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(5) ‘aricad serial ilo. 103A From Lot 102
PHD-55617 FIGURE L1
PHOTC: ICROGRAPYS TAICS OF BULLPUP 'YARHEADS EX 29 ;40D 3 FROii PRODUCTION LOTS

Location D in Figure 5

As Polished AISI 43,0 STE"L Magnification: 100X
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FIGURE 44

PHD-55610

Hardness Values:

e
e
e
e
e
e
e
e
e

.“

January 1960

PILOT LOT, SAMPLE WARHEAD, SERIAL NO. 4
HARDNESS DISTRIBUTION AND MACROSECTION OF BULLPUP WARHEAD
EX 29 MOD 3 AISI 4340

Rockwell C Scale
50% Hydrochloric Acid

CONFIDENTIAL




PHD-55611 FIGURE 45

PILOT LOT SAMPLE WARHEAD, SERIAL NO, 4 MACROSECTION OF OGIVE
FROM BULLPUP WARHEAD EX 29 MOD 3-AISI 4340

Etch: 50% Hydrochloric Acid
CONFIDENTIAL
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PHD-55613 FIGURE 47

PILOT LOT SA.PLL WARHZAD, SERIAL :'0, 4 PHOTOMICROGRAPHS
OF BULLPUP WARHEAD EX 29 ;0D 3 AILSI 4340

Location A and D in Figure 5

As Polished Magnification: 100X

COHFIDEITIAL
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PHD-55614 FIGURE 48

PILOT LOT SAiPLE WARHEAD, STZRIAL !O. 4 PHOTO: (ICROGRAPHS
OF JULLPUP WARHEAD ZX 29 (0D 3 AISI 4340

Location A and D in Figure 5
Steh:  Zephiran Chloride ragnification: 100
COFIDE.ITIAL
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